Experimental Details
Nanostructural Characterization: Nanowire samples for scanning electron microscope analysis (field-emission scanning electron microscope, S-4100, Hitachi) were prepared by either depositing nanowires from suspension on gold-coated silicon substrates or by mounting a nanowire-filled alumina template onto a carbon pad, dissolving the alumina template using NaOH, rinsing gently with copious amounts of deionized water and drying under nitrogen gas flow. Transmission electron microscope (TEM) images, selected area diffraction patterns and energy dispersive X-ray spectra of individual gold and P3HT nanowires were acquired on a FEI Tecnai TF30UT transmission electron microscope (300 kV field-emission, equipped with a HAADF STEM detector, an Oxford energy dispersive x-ray detector, and a high resolution CCD camera). Nanowire samples were prepared for TEM analysis by depositing nanowires from suspension onto a holey carbon coated copper TEM grid (200 mesh, SPI Supplies) and allowing to dry. EDX peaks other than gold and sulfur were attributed to residual contamination from the TEM grid and chamber since they were also found in background EDX spectra (i.e., away from any nanowires). Bright-field and dark-field TEM analysis of multiple gold nanowires with lengths of a few microns (prepared under the same conditions as the gold-P3HT nanowires but with longer gold electrodeposition time) indicated that the electrodeposited gold nanowires were polycrystalline, with crystalline domains of up to 300 nm in size observed. Therefore, on the length scale of the gold nanowire segments employed in this work (i.e., < 250 nm) template-based electrodeposition can yield gold nanowire antennas with few or no crystallographic defects which is important for minimized damping of surface plasmon resonances. [16] Submitted to 3 Gold-Polythiophene Nanowire Synthesis: Porous anodic alumina templates were purchased from Synkera Technologies, Inc. (13 mm diameter, 50 µm thick, 55 ± 6 nm nominal pore diameter, 5 × 10 9 cm -2 pore density, 12 % estimated porosity). Axial nanowire heterostructures were prepared by sequential electrodeposition in an ultrasonication bath.
Firstly, a 400 nm thick layer of nickel was thermally evaporated onto the unbranched side of porous alumina templates. This nickel film served as a sacrificial working electrode to the pores of the alumina template. A ~ 13 mm diameter polypropylene film (1 mm thick) was coated with single-sided conductive copper tape and placed in a home-made cylindrical polyethylene holder and served as the back contact electrode of the electrochemical cell. The nickel coated side of an alumina template was placed in contact with the copper back electrode and an ο-ring with an inner area of 0.11 cm 2 was coated with UV curable solventfree epoxy and was placed on top of the alumina template. Subsequently a high density polyethylene tube (~13 mm in diameter) was pressed onto the ο-ring to hold the alumina template in place and to act as a vessel for the electrolyte. UV optical adhesive was placed between the top of the polyethylene tube and ο-ring to seal the cell and to ensure that only the pores were exposed to the electrolyte solution. The epoxy was cured by exposure to diffuse UV irradiation for 1 hour. Contact was made to the copper back electrode using a strip of copper tape and a 1 mm diameter steel wire counter electrode was placed within 3 mm of the nanoporous template surface. The resulting cell ( Figure S1 ) was placed in a water bath in an ultrasonicator. (1 s duration, 50 % duty cycle, 0 mA bias; Keithley 286 source measure unit). Between each metal deposition step the plating solution was removed from the cell and the template was rinsed thoroughly with deionized water and various solvents and dried under nitrogen gas flow. For deposition of P3HT, 3-hexylthiophene (3HT) monomer (Sigma Aldrich) was electropolymerized at the tips of the gold nanowires under pulsed applied current conditions of +0.08 mA for 5 pulses (1 s duration, 50 % duty cycle, 0 mA bias) from a 20 g L -1 solution in boron trifluoride diethyl etherate (BF 3 ⋅O(C 2 H 5 ) 2 ) [13] . Subsequently, the alumina template, while remaining in the cell, was rinsed with BF 3 ⋅O(C 2 H 5 ) 2 followed by acetonitrile (× 3; to remove any residual 3HT monomer), acetone, methanol and IPA and dried under nitrogen gas flow. The polymerized P3HT remained at the tips of the gold nanowires as it was insoluble in BF 3 ⋅O(C 2 H 5 ) 2 and the other solvents used to rinse the template. Following the sequential electrodeposition / polymerization steps the gold-P3HT nanowires were released from the template by, firstly, etching the nickel working electrode and sacrificial nickel nanowires (FeCl 3 solution, 10 min), secondly, dissolving the alumina template (500 mL NaOH, 3 M, 1 h) and, subsequently, rinsing the nanowire residue with deionized water. Finally, the nanowires were dispersed in isopropyl alcohol by ultrasonication for between 10 and 30 s.
From SEM analysis it was apparent that some gold wires (less than 20 %) did not appear to Submitted to 5 have P3HT segments attached to the end, likely due to impurities or residual non-solvent within a fraction of the template pores prior to the deposition of the polymer. Neat P3HT nanowires were prepared under the same conditions as described above but without the gold nanowire electrodeposition step.
Optical Spectroscopy: P3HT thin films were spin coated at 6000 RPM from a 20 g L -1
solution of the polymer (electronic grade; American Dye Source, Inc.) in chloroform onto a solvent cleaned glass cover slip (film thickness ~125 nm, determined using spectroscopic ellipsometry and transmission measurements). The absorption spectrum of P3HT thin films and nanowires was acquired using an ellipsometer operating in transmission mode. The nanowires were embedded in optical epoxy and sandwiched between two quartz substrates to minimize light scattering. For all nanowire PL measurements, the nanowires were drop deposited on a glass cover slip from suspension, allowed to dry, and subsequently, embedded was computed by integrating the Poynting vector over a closed surface incorporating the dipole emitter in P3HT and the gold nanowire thereby including non-radiative losses to the metal.
[18] The non-radiative and radiative decay rate enhancements were calculated by normalizing to those of a dipole emitter in P3HT without proximity to a gold nanowire ( Figure S2 ). with an incidence angle of 10 o off normal to break symmetry was employed.
